The present study investigated the dynamic on a short-time scale in the vegetation in moist grassland of the Sete Cidades National Park, Piauí. Herb-subshrub layer samples was carried out in July 2007July , 2009July and 2011. Changes in structural, floristic and functional traits in the community were assessed by species richness, diversity and similarity indices between those periods, as well as by hierarchical classification and ordination. Cluster and Principal Component Analyses identified functional groups according to 23 species trait state. To distinguish the contribution of space and time configuration in the community structure, we used the variance partition technique. The functional groups of chamaephytes and therophytes II were associated with wetter sites, while the groups of non-tussock hemicriptophytes I, tussock hemicriptophytes (FG4), and geophytes (FG5) were associated to the drier ones. We found a non-accelerated dynamics, at least on a short-time scale, represented by some descriptors in the community, such as the close similarity between the inventories and ordering of sampling transects in moist grassland. Therefore, besides considering the partition of the temporal niche as a mechanism for the co-existence of species, the heterogeneity of space dictated by environmental filters seems to determine the stability of the this grassland communities over time.
Introduction
The current status of plant communities is the result of a dynamic and complex system, with more subtle changes on large time-scales (ecological and evolutionary), as a result, for example; of changes to glacial and interglacial periods (Gurevitch et al., 2009) . Nevertheless, in recent decades, interest has grown by plant ecologists in the study of dynamics on shorter time intervals. One approach is to look at changes in the structure and composition of vegetation with the application of a given sampling method at different moments in time in the same community (Bakker et al., 1996) . Such studies can reveal trends in community development, changes in environmental and energy flow in the ecosystem (Šamonil and Vrška, 2008) , and generate answers about the stability of plant communities, and thus design future scenarios that may assist in maintaining biodiversity (Rees et al., 2001 ).
According to Dieckmann et al. (1999) , grassland communities are a great resource for assessing spatiotemporal processes. Factors such as their relatively fast establishment, compared to shrub or forest systems, and the various threats that exist in these communities, can be the cause of accelerated dynamics (Weiher and Keddy, 1995) . Studies on the dynamics of this layer of vegetation began in the 30s, with the investigation of annual changes in the spatial structure of communities in Breckland, England (Watt, 1960) . Since then, work carried out on other sites around the world suggests generally high rates of species replacement over short time-scales (Van der Maarel and Sykes, 1993; Herben et al., 2000; Matesanz et al., 2009 ). This high mobility can be related to the presence of disturbances in the area whether anthropogenic or natural, such as a recurrent drought and to how the species grow (Klimeš, 1999) .
The hydrologic fluctuation is one of the determinants of dynamic processes in Central Brazilian grassland areas, either by flooding or by the fluctuation of the excess soil water (Munhoz and Felfili, 2008) . In permanently flooded grasslands in central Brazil there is greater stability and smaller changes are observed in the vegetation throughout the year (Cianciaruso and Batalha, 2008) .
Species respond individually to environmental factors, including natural disturbances, or not, and may show different dispersal capabilities in time and space within the groups with similar functional characteristics (Huntley, 1991; Dias and Cabido, 1997) . The various definitions for functional groups converge on the idea that these are composed of plants that are functionally similar regarding a given set of characteristics that respond to certain environmental variables (Box, 1996; Pillar and Sosinski-Jr, 2003) . Such functional characters were defined by Violle et al. (2007) as the set of morpho-physio-phenological traits taken at the individual level. Another important issue is that species richness and functional differentiation may vary independently of each other, since the environmental filters limit species composition for a given range of functional traits (Keddy, 1992; Bello et al., 2006) . Lavorel and Garnier (2002) have proposed two distinct concepts for grouping species on the basis of their traits or morphological, reproductive and physiological characteristics. The first concept, adopted in this paper, deals with traits associated with the responses of the organisms to environmental factors (biotic or abiotic), while the second concept, related to effect traits, groups species with similar effects in ecosystem functioning.
Species can display different types of spatial dynamics. They may have occurrences that are occasional (species with a low frequency in space and time), local (low frequency in space, but occurring on the same plots over time), pulsating (low or medium spatial frequency, but varying greatly from year to year), circulating (medium or high frequency, but moving and reaching high cumulative frequency) or constant (occurring in almost every part and in all years) (Van Der Maarel ,1996) . Studies carried out in temperate grassland suggest that the fastest growing vegetative species are more likely to exhibit higher substitution rates over time (Rusch and Van Der Maarel, 1992) .
In this context, we aim to generate information which advances the understanding of dynamic processes in grassland vegetation, assuming that the communities of moist grassland savanna are dynamic over short time. We tested the hypotheses that consider the partition of the temporal niche as a mechanism for co-existence of species with similar functional response traits (Rusch and Van Der Maarel, 1992) . To this end we raised the following questions: 1) Are the fragments of moist grassland in the Sete Cidades National Park (ParnaSC) similar in vegetation composition and structure across five years (three sampling periods)? 2) What is the contribution of space and time to the structure of the community? 3) Do the species attributes form functional groups with different dynamics strategies? 4) Do the differing levels of moisture verified in these areas affect the structure of the communities? 5) Does the previous year's rainfall affect the structure of these communities?
Material and Methods

Study site
All field studies were conducted in fragments of grassland in a Cerrado area of the Sete Cidades National Park -ParnaSC (Figure 1) . The Park has an area of 6,221.48 ha, located in the State of Piauí, northeastern Brazil. Grassland vegetation comprises 14.3% of the park's total size (Oliveira et al., 2007) . The last fire reported in the park occurred in 1996 (IBAMA, 2005) .
The ParnaSC features a slightly undulating topography and altimetry ranging from 100 to 290 m above sea level (Oliveira et al., 2007) . The weather station monitoring local climatic conditions is approximately 15 km from the area. According to records of the last 32 years, the average annual rainfall was 1,650 mm, with a water surplus between February and May, and an annual average temperature of 26.7 °C, with little variation throughout the year. According to the classification of Thornthwaite and Mather (1955) , the climate is sub-humid and megathermal with major water deficit in winter and a concentration of 30.3% of potential evapotranspiration in SeptemberOctober-November (C 2 w 2 A'a'). There was wide variation in rainfall between the years of study, 1,344 mm in 2007, 2,243.8 mm in 2009 and 1,782.3 mm in 2011, as in the years before the sampling (Figure 2) .
The soils in the grassland areas of the park are predominantly Quartzarenic Neosol (Quartzipsamment) and alfisols (Oliveira, 2004) . In the areas of study they are strongly acidic (pH ranging from 3.8 to 4.2), with high levels of aluminum (0.2 to 1.0 cmolc.dm -3 ), low levels of macronutrients, especially Ca and Mg, which amounted to around 0.3 cmolc.dm -3 and high iron content (Mendes et al., 2012) . We selected two subtypes of moist grassland communities in the areas studied in 2007 based on the duration of flooding (Mendes et al., 2012) 
Vegetation recording
A total of 17 monitoring transects was established in July 2007 at the end of the rainy season. The herbaceous-shrub vegetation was sampled using the line transect interception method (Canfield, 1941) . The 10 m transects were distributed into six fragments with different sizes (1.2 to 19.2 ha) and different soil moisture content (Mendes et al., 2012) . Each transect was subdivided in 1 m sections with iron rods. These 1 m sections were considered the sampling subunits for the field survey, the sum of the projection of the species in the 10 sampled subunits of each 10 m transect was used in the calculations for species coverage and for the analyses. The number of transects varied according to the size of the fragment of moist grassland: five in the first area, three in the second and third areas and two in the remainder (Figure 1 ). Area 5, albeit large, received two transects only due to the predominance of a single species and low occurrence of other species. The relative cover of each species in the 1 m segment were recorded for each transect, totaling 170 m sampled. We resampled the same transects for comparison with the first survey in July 2009 and 2011. The position of each transect was obtained through the readings of coordinates from a conventional GPS receiver on the two ends of the transect. We calculated the middle point in each of these pairs of coordinates to represent transect positioning.
Functional plant traits
We selected five traits with two to six states each that we assume closely related with environmental resources, pollinators and dispersers. These attributes, assessed on the basis of field observations, herbarium collections and flora, were as follows: a) Raunkiaer's life-form categories (MuellerDombois and Ellenberg, 1974): chamaephyte (Ch), geophyte (G), therophytes (Th), herbaceous vines (Hv), holoparasites (Ho), and hemicryptophyte (H). So as to better represent land-use strategies tussock hemicryptophytes (TH) and non-tussock hemicryptophytes (NTH) were considered; b) Plant persistence (life history): annual (A) and perennial (P); c) Plant height (cm): ≤10 (H1), > 10 and ≤ 30 (H2), > 30 and ≤ 60 (H3), > 60 and ≤ 90 (H4), > 90 (H5); d) Floral traits related to the dispersal agent (Gurevitch et al., 2009) , in order to infer the type of pollination, based on flower color observed in the field: without petals (P1), white or cream flowers (P2), yellow flowers (P3), blue flowers (P4), lilac, pink and purple flowers (P5), and green flowers (P6); e) Dispersal syndromes according to Van Der Pijl (1982) : wind (anemochory), animal attachment or survival in the animal digestive tract (zoochory), and self-dispersion by explosion and gravity (autochory).
Data analysis
Cover of the species in each 10 m transect in each year of sampling was used to calculate Shannon diversity index (H') and Pielou evenness (J'). The H' values for the three periods were compared with Hutcheson's t test (Zar, 1999) using the PAST software program, version 1.91 (Hammer et al., 2001) .
To compare the richness potential between the surveys we used species-area accumulation curves for three periods, estimated with a first and second order Jackknife estimator using PC-ORD software, version 6.0 (McCune and Mefford, 2011) . The curves were drawn from the averages and 95% confidence intervals (CI) of the cumulative number of species, considering each sampling meters as the unit of measure. Curves with overlapping CIs were not considered significantly different.
The similarity between the inventories for the total area, as well as between the drier communities (fragments one, two, four and five) and the wetter ones (three and six) (Mendes et al., 2012) , were evaluated by the Chao estimator for Sørensen index, which reduces under sampling bias by estimating and compensating for the effects of unseen, shared species (Chao et al., 2005) . We calculated the Chao-Sørensen index from the 95% confidence intervals (95% CI) using the EstimateS 8.2 software (Colwell, 2006) .
We used Non-Metric Dimensional Scaling (NMDS) with the Bray-Curtis distance as dissimilarity measure, the better solution in two dimensions, and criterion for stabilization = 0.00001. According to Peck (2010) , NMDS can be used to find redundant patterns in almost all types of database, and looks for answers between comparable treatments or periods of time series. Here the goal was to observe variation in the ordering of transects in the three sampling times. Our assumption was that samples assessed in 2007, 2009, and 2011 with similar species and cover composition would occur on the same point in the ordination diagram. We also tested the difference between the groups formed in NMDS ordination by using Multi-response Permutation Procedures (MRPP) with a Bray-Curtis distance measure, recommended for heterogeneous data (Peck, 2010) .
To define the functional groups, considering the trait state selected for this study, a hierarchical, agglomerative and polythetic clustering analysis based on Bray-Curtis distances was used. This method is adequate to identify groups of sampling units or species that are similar in composition or strategies (Peck, 2010) . The matrix was composed of 92 species and 23 trait state using the BrayCurtis distance and the groups average as a connection method. To see the distribution of the sample transects in the three periods based on the abundance of functional groups, the next step was to produce the AG' matrix (sampling transects x functional groups) by the multiplication of two matrices: 1) matrix A: species × sampling transects (species coverage data); and 2) matrix G: functional groups × species (binary matrix). Because matrix G is composed of little heterogeneous data (13.7% of zeros; mean inclination of the variables = 1.9 and total coefficient of variation (CV) of transects = 22.5%), we used the principal components analysis (PCA). Multivariate analyses were performed using the PCORD program version 6.0 (McCune and Mefford, 2011) .
To determine whether there is significant difference in the coverage of functional groups between sampling times (2007, 2009, and 2011) we used the permutational multivariate analysis of variance (PerMANOVA) (Anderson, 2001) . The analysis was done by using PCORD version 6.0 (McCune and Mefford, 2011) , with each time considered as a treatment and the distance measure by Bray-Curtis's.
To distinguish the contribution of space and time configuration in the community structure, we used the variance partition technique described in , with the data for geographical coordinates and sampling years synthesized by means of Moran's Eigenvector Maps (MEM) . The first step consists in obtaining the best spatial matrix for the set of data under analysis. To this end, we reproduced several linking matrices representing hypotheses of which sampling lines are perceived as having some degree of dependence. We used distance as a linkage criterion, resulting in linking matrices with maximum distances ranging from the minimum required to keep all points connected (greatest distance in a minimum spanning tree) to the distance in which data are observed independent in a multivariate variogram. For each of these binary descriptors of the potential influence of a sampling line over another, we used functions representing the reduction in influence that one point would have over another as distance increases. The distance functions followed the recommendations in Dray et al. (2006) , using linear, concave down and concave up weighting functions. For each of these combinations an MEM was generated. Subsequently, we verified which of the options yielded the best adjustment with the abundance data for the three species. To this end, we performed the Hellinger transformation in the community matrix (following the recommendation of Legendre and Gallagher (2001)), and subsequently removed linear trends. Next, we calculated a multivaried extension following the Akaike Information criterion (Godinez-Dominguez and Freire, 2003) so as to select the best spatial matrix (the combination of best linking matrix, best weighting function, and best number of autovectors). To produce the temporal matrix, we followed a similar procedure, but due to there having been only three years of sampling, we simplified the procedure so as to take on only the function of linear linkage. The resulting matrix of temporal relationships comprised two orthogonal columns that may be construed as a temporal trend and a cyclical fluctuation. Thenceforth we performed the analysis of variance partition of the community pattern (through Hellinger's transformation), explained by the spatial matrix and by the temporal matrix, by means of the partial redundancy analysis (partial RDA). We performed an analysis after removing the temporal effect in order to verify the spatial effect only and an analysis without the spatial effect to verify the temporal effect only, followed by Monte Carlo tests to gauge the significance of each relationship. The values of the redundancy statistical fractions were adjusted to make up for the effect of the number of variables and samples in these figures, arriving at an indicator resembling an adjusted R 2 . Additionally, we verified the influence of the previous year's rainfall on the community at each sampling, removing the space effect and the effect of average soil moisture in each line (average values obtained in 2009 and 2011), removing the space and time effects. In this case, we used the spatial and temporal matrices described previously and carried out the variation partitioning described above. All the procedures were performed through Vegan version 2.0-5 (Oksanen et al., 2012) , SpacemakeR version 0.0-5/r101 packages, implemented in R software version 2.15.2 (R Foundation for Statistical Computing, Vienna).
Results
The number of species in the 2009 and 2011 inventories was higher than that in 2007. A total of 28 families, 56 genera, and 92 species were recorded, of which 58 species were common in all three samples ( Table 1 ). The richest families were the same across the periods (Table 1 ). The increase in richness raised the values in the Shannon index, which were significantly different in all comparisons, and in Pielou´s evenness ( Table 2 ). The species-area curves (Figure 3) , featuring significant differences in all comparisons in the confidence interval analysis (95% CI), and jackknife estimator of species richness (Table 2) The distances between sample units in the space of ordination of NMDS based on species composition and cover, formed three groups of sampling transects that reflected the differences in soil characteristics, especially the moisture (Figure 4) . The first group, on the right of the diagram, constituted moist areas (three and six) and transect five (2007 and 2011) ; the other two groups on the left brought together the drier areas, with T3 and T4 transects separated from the others. As tested with MRPP, the transects form distinct, spatially varied groups (A = 0.29, p < 0.0001). This ordination model not making group separation according to sampling times (2007, 2009 and 2011) , while identifying moderate associations with modifications occurring in the transects over time, with the largest dissimilarity occurring in T4, T5, T6, T7, T8 and T11 (Figure 4) .
The cluster analysis formed seven functional groups of species brought together on the basis of common attributes (Table 2 ). The attributes related to the life history of species divided two groups, separated primarily by Raunkiaer's classes of life forms, as well as by the investment in plant height and types of diaspore dispersal (Table 3) . Similar patterns of functional specialization were detected in the PCA ordination diagram between the transects in the three sampling times ( Figure 5 ). The first axis of PCA explained 37.59% of the variation in the data, separating groups of chamaephyte (FG3) and therophytes II (FG7) on the lefthand side of the diagram with transects associated with wetter grassland areas, except T10 and T11 (2007) . On the right-hand side, the driest areas were assembled by highest correlation with the non-tussock hemicriptophytes and autochoric (FG1), tussock hemicriptophytes (FG4) and geophytes (FG5). The second PCA axis explained 19.33% of data variation and was associated with nontussock hemicriptophytes and zoochorous (FG2) and therophytes I (FG6), dictating the ordering of transects T1 (2007), T2 (2007, 2009, and 2011) and T12 (2011) . The PerMANOVA found no significant differences in comparisons of the functional groups based on the cover across time (F = 0.63816; p > 0.05).
The pattern of species coverage was primarily explained by the spatial relationship of the sampling lines. When we partitioned the variation of the coverage pattern with spatial and temporal structure, R 2 adjusted = 0.584 (p < 0.001) and R 2 adjusted = 0.013 (p = 0.040) respectively. When we assessed the temporal pattern seen as the rainfall values for the year prior to each sampling, we noted an equivalent variation value, explained by the temporal matrix (space effect after the removal of the precipitation effect: R 2 adjusted = 0.572; precipitation effect after removal of the space effect R 2 adjusted = 0.014). The effect of soil moisture on the plant community, considering the space and time effects, shows a small unique contribution from this variable (R 2 adjusted = 0.019; p = 0.005). Yet, a shared variation between moisture and space (environment spatially structured) explained an important share of the variation in the community's data (R 2 adjusted = 0.230; the significance of this fraction cannot be tested). The highest explained fraction was related to a unique contribution of the spatial structure (R 2 adjusted = 0.354; p < 0.001) and the lowest fraction to the temporal structure (R 2 adjusted = 0.015; p = 0.015). By observing the relationship between the coverage of the species and the availability of moisture, removing only the temporal effect (that is, maintaining the environmental effect and environment spatially structured: R 2 adjusted = 0.249; p < 0.001), we noted that Trachypogon spicatus presented a greater association to dryer environments than the remaining species and that Mesosetum loliiforme and Rhynchanthera grandiflora were more often associated with wetter environments than the remainder (Figure 6 ).
Discussion
Several disturbances may directly influence the dynamics of herbaceous plant communities. In moist grassland specifically, factors such as eutrophication, change in flooding regime, invasion of exotic plants, among others, are constant threats (Weiher and Keddy, 1995) . Nowadays, the increasingly rapid rate of human impacts on the environment has imposed changes in natural processes, and understanding the models of community development is the first step to generating future scenarios that may assist in biodiversity maintenance (Rees et al., 2001 ).
We did not find great changes in the community descriptors between 2007, 2009, and 2011 for the vegetation of moist grassland savanna in the Sete Cidades National Park. In the three sampling occasions few species accounted for most of the coverage rates, which has been common in areas of moist and dry grassland and shrubgrassland in Brazil (Guimarães et al., 2002; Munhoz and Felfili, 2008;  Eugênio et al., 2011) . The maintenance of the structure of the grassland fragments resulted in low variation in the values of evenness between years and the high similarity between the areas by the Chao-Sørensen index. But because of the occurrence of exclusive species in the inventories, there were significant differences between the values of diversity from year to year.
The seeming stability condition in the fields of ParnaSC could be related to the absolute absence of human disturbance in the region between 2007 and 2011, mainly because they comprise a protected conservation area. With regard to weather, 2007 was characterized by moderate El Nino activity, according to data from the Brazilian National Institute for Space Research (http://enos.cptec.inpe.br/tab_elnino. shtml), recording rainfall levels within the average for the region, on the contrary 2009 saw La Nina raising rainfall rates far above the average, followed in 2011 by moderate La Niña activity (CPTEC/INPE, 2009; Melo, 2011) . The change in weather conditions caused modifications in the level and duration of flooding, resulting in marked water table fluctuations, and was probably underlying trends found in the sites. For example, the increase in richness and diversity of species in 2009, mainly due to the increase in annual species of the Cyperaceae and Lentibulariaceae, whereas lower rainfall in 2007 was related, for example, to an increase in annual species of Polygalaceae. The Hobbs and Mooney (1995) found that, in the California annual serpentine grassland, the effects of rainfall patterns in species composition may act mainly in years prior to field assessment, thanks to the variation in the rate of seed production.
The highest rainfall in 2009 may also have caused the decrease in coverage of some species, especially those with clump architecture (tussock), facilitating the development of other slender and annual species that remain suppressed, waiting for the opportunity to develop. The year 2007 saw the highest total of absolute coverage of perennial tussock species, as well as the lowest record of species for the total area, whereas in 2009, the sum of these species accounted for 88.70% and 94.97% of the coverage for 2007 and 2011, respectively. Sampling wet grassland areas in Central Brazil, carried out in years with different precipitation rates, found an increase in richness and reduction of coverage by tussock species associated with increased precipitation (Eugênio et al., 2011) .
The wet grasslands seem to exhibit a pattern of stability throughout the year, especially under conditions of major flooding and absence of human disturbances (Cianciaruso and Batalha, 2008; Munhoz and Felfili, 2008) . Changes in community descriptors over longer intervals of time (interannual dynamics) were associated with suppression of disturbances, such as the absence of fire in the interval between samples of vegetation, and changes in rainfall patterns over time (Eugênio et al., 2011) .
Studies in temperate grasslands that focus on smallscale dynamics have already shown high rates of species replacement (Herben et al., 2000) . In the limestone grassland of Sweden the cumulative number of species in microsites of 0.01 m 2 can double in a time interval of five years (Van Der Maarel and Sykes, 1993) . In these fields, fluctuations in soil moisture and grazing pressures, as well in the characteristics of the life forms of species, occur over time, resulting in the appearance and disappearance of species, which is an important factor in the maintenance of stability of the communities. However, Klimeš (1999) , did not confirm the high mobility of species expected for fields with high richness in ranges from 0.0025 to 2.25 m 2 studied in the Czech Republic, and found an inverse pattern, where the probability of species occupying the same plot over seven years was high. The fragments of moist grassland in ParnaSC separated by differences in soil moisture showed similar patterns in dynamics 2007, 2009, and 2011 , with separation of the wetter areas (three and six) from the other (one, two, four and five) as seen in the NMDS, in which the similar transect ordination scores ordained close to each other by similar responses of species composition and structure. When the analysis was performed by considering the functional groups we observed a trend towards group cohesion over time, confirming the idea that structure and composition of the community is maintained by the existence of environmental filters that select the species through their environment occupation strategies (Keddy, 1992; Díaz et al., 1999; Cianciaruso and Batalha, 2008) . In ParnaSC, chamaephytes and therophytes were associated with the wetter areas, while the drier areas were dominated mainly by tussock and non-tussock hemicriptophytes. According to Díaz et al. (1999) the ecological filters act on historical and biogeographic factors operating over large space and time scales.
Similar results in NMDS and PCA ordination show that functional classification was not independent of taxonomic affiliation. In all functional groups there were phylogenetically related species, yet the main functional groups of attributes were the life history of species and Raunkiaer's life-form class. According to Diaz and Cabido (1997) and Diaz et al. (1998) the ecological importance of groups should not be dismissed by their association with phylogeny. Except for the FG5, formed only by two Habenaria species (geophytes), the other six groups in ParnaSC grassland also comprised different botanical families, but with similar characteristics. In an analysis spanning three continents, Diaz et al. (2004) joined the families Asteraceae, Fabaceae and Poaceae in the same functional group as they did not differ significantly regarding the main environmental processes.
The separation of groups of species based on similar floral characteristics was not evident. The fragility of pollination syndromes has been shown in the literature mainly because animals vary in ability to discriminate the color of flowers, as well as in the possibility of more than one type of pollination for each plant species (Mayfield et al., 2001; Willmer, 2011) . Moreover, in the cerrado the two largest classes of pollinators, bees and small insects, visit flowers of different colors (Martins and Batalha, 2006) .
The results suggest that we found a non-accelerated dynamics, at least on a few-year scale, represented by some community descriptors, such as high similarity between the inventory and ordination of sample transects, mainly due to soil conditions in the areas like differences in moisture and fertility (Mendes et al., 2012) . Analyses that took into account the spatial and temporal effects revealed a strong influence of the sampling lines on the space relationship. Therefore, besides considering the partition of the temporal niche as a mechanism for co-existence of species with similar functional characteristics (Rusch and Van Der Maarel, 1992) , we must consider the heterogeneity of space, dictated by environmental filters that remain over time. 
